Transarticular screws at the C1 to C2 level of the cervical spine provide rigid fixation, but there is a danger of injury to a vertebral artery. The risk is related to the technical skill of the surgeon and to variations in local anatomy.
The anatomy of the second cervical vertebra (C2) has been described in detail. Most authors [1] [2] [3] have concentrated on the dens and few 4, 5 have described the linear and angular characteristics of the pedicle or superior facets. Transarticular screw fixation at this level was introduced by
Magerl and Seemann 6 in 1987. The suitability of this technique for this site 7, 8 and the possibility of injury to the vertebral artery 9 have been questioned. Erosion of the lateral mass and pedicle of C2 by the vertebral artery has been reported, 3, [10] [11] [12] but the implications of this normal variation in the anatomy have not been emphasised by those who advocate instrumentation of the upper cervical vertebrae.
MATERIAL AND METHODS
We obtained 50 dry specimens of the second cervical vertebra for physical assessment and anatomical measurement from the Departments of Anatomy of the Royal College of Surgeons of England and University College, London. We measured 11 parameters, three angular and eight linear dimensions. The anatomical measurements focused on the pedicle, the lateral mass, the groove of the vertebral artery and the transverse foramen. Paired structures were measured bilaterally. The angular measurements were made using a standard goniometer accurate to 1° and the linear measurements using a PC-linked electronic calliper accurate to 0.01 mm with a facility for direct downloading of the data. 13 The calliper had a depth gauge which was used to measure accurately the vertebral body, the height of the dens and the depth of the vertebral growth. The mean, the standard deviation, and the range were calculated for all 50 specimens amounting to a total of 100 measurements for each observation. Right to left asymmetry was also analysed by the Spearman correlation and the paired samples by Student's t-test and the Wilcoxon matched-pairs signed-rank test. All mean values were expressed as the mean with confidence intervals (CI) of 95%, unless otherwise stated in the text. We made the following measurements: the height of the pedicle as measured from its superior surface to the inferior surface within the transverse foramen, its width measured from the internal surface of the pedicle to its external surface at the level of the transverse foramen, the median angle of the pedicle which is the angle between a line through the axis of the pedicle and the mid-sagittal line, and the median angle of the facet-pedicle complex which is the angle between the axis of the facet-pedicle complex and the mid-sagittal line.
Measurements of the lateral mass included its external height from the midpoint of the superior facet to the lowermost point on its inferior surface, the depth of the groove for the vertebral artery from the uppermost point within the groove to its inferior surface, and the internal height above the groove which is the difference between these two measurements.
The height of the transverse foramen was measured at the maximal vertical diameter and its width at the maximal horizontal diameter.
RESULTS
There was a large variation in the dimensions of the 50 dry specimens of the axis vertebra and in the symmetry of each specimen (Tables I to III) . The mean width of the pedicle was 7.8 mm (3.4 to 12.2), the mean height 7.9 mm (4.7 to 12.4) and the mean length 28.7 mm (22.0 to 36.2). The mean superior angle was 24.0° (13 to 34) and the mean median angle of the pedicle 32.0° (24 to 43). These two angles represent the safe bounds for transpedicular screw fixation. The mean facet-pedicle complex angle was 14.2°( 9 to 20); this represents a safe median site for a transarticular screw in the oblique axial plane. Using the pairedsample t-test the medial pedicle (mean diff = 0.2680, t = 0.75, p = 0.454, 95% CI -0.446 to 0.982) and facetpedicle complex angles (mean diff = -0.06, t = 0.20, p = 0.84, 95% CI -0.652 to 0.532) had good symmetry, and there was no statistically significant difference between the sides.
The lateral masses had a mean external height of 8.6 mm (5.3 to 12.3), a mean interval height of 4.4 mm (0.8 to 9.0), with a mean depth of the groove for the vertebral artery of 4.2 mm at the mid-point of the superior facet (1.0 to 9.4). The course of the vertebral artery through the lateral mass of C2 was very variable in shape, size, location, and symmetry. In 11 specimens it had eroded and thinned out the lateral mass to an internal height of ≤2.1 mm (Fig. 1 ). An abnormal groove or erosion was found on both sides in three of these specimens, on the left side in seven and on the right side in one. In these vertebrae, the width of the pedicle was in the normal range on the superior surface, but it had been thinned out by erosion by the vertebral artery to ≤ 2 mm (Fig. 2) .
Statistical analysis of the measurements of the lateral mass using the paired-sample t-test showed significant asymmetry between the internal height (r = 0.476) and the groove for the vertebral artery (r = 0.425) between the right and left sides.
The mean difference was statistically significant for both the internal height (mean diff = -0.53, t = 2.05, p = 0.046, 95% CI -1.048 to -0.011) and the groove for the artery (mean diff = 0.68, t = 2.78, p = 0.008, 95% CI 0.188 to 1.167). Using the Wilcoxon matched-pairs signed-rank test, the asymmetries of the internal height and the vertebral groove were tested for significance; that for the internal height just failed to achieve statistical significance (p = 0.0703), while asymmetry of the vertebral groove was significant at p = 0.0064.
The transverse foramen had a mean height of 5.7 ± 1.0 mm and a mean width of 5.6 ± 0.9 mm. Statistical analysis showed asymmetry of the width of the foramen on both sides (r = 0.382), but better symmetry of the height (r = 0.767). The height of the transverse foramen showed a mean paired difference of -0.081 which was not statistically significant (p = 0.577, 95% CI -0.378 to 0.215) nor was that of the width of the transverse foramen with a mean paired difference of 0.1536 (p = 0.445, 95% CI -0.254 to 0.562). vertebral artery through C2 has been described before in case reports, 10, 12 in dried specimens, 3, 14 by CT 8 and in cadavers. 11 Our measurements have shown that transarticular screw fixation would be hazardous in 22% of the specimens which we examined. At the level of the axis, angiographic studies 15 and observations on dried specimens 14 have shown that the transverse foramen is an angulated canal with inferior and lateral openings which cause the artery to deviate 45°l aterally before continuing its ascent to enter the transverse foramen of the atlas. We have measured the dimensions of this canal and in 11 of our specimens (22%) its depth was ≥ 5.5 mm. It appears to enlarge at the expense of the surrounding structures thus affecting the diameter of the pedicle and the internal height of the lateral mass. In these circumstances the internal height of the lateral mass was thinned out to ≤ 2.1 mm, and the width of the pedicle to ≤ 2 mm. The shape and size of the canal itself were variable and asymmetrical in all the specimens. Thus, there is a considerable risk of injuring the vertebral artery if transarticular screw fixation of C1 to C2 is attempted. A plain radiograph will not provide sufficient information and it is mandatory to have CT scans of C1 and C2 to show the transverse foramen before deciding whether to carry out transarticular screw fixation. Dull and Toselli 7 have recommended oblique axial CT of C2. These recommendations also apply when posterior transpedicular screw fixation of C1 to C2 is contemplated. As has been reported by Anderson and Shealy 16 a loop of the vertebral artery may erode the pedicle and compress the associated nerve root. Our measurements on the lateral mass and the groove for the vertebral artery are comparable with those of other reports. 3, 8, 17 A CT study by Paramore et al, 8 on 94 patients, described high riding of the transverse foramen on at least one side in 18%, which would prohibit the placement of transarticular screws. In their study, the left side was involved in nine patients, the right in five, and both sides in three. Taitz and Arensburg 3 reported a 33% incidence of erosion of the transverse foramen of C2 in 300 dried specimens, 21% with moderate and 12% with marked changes. Angiographically, both vertebral arteries were found to be symmetrical in only 40.8% of cases, with the right artery dominant in 23.4% and the left artery in 35.8%. 17 Our anatomical measurements match our clinical experience, since in our report on 61 patients who had transarticular screw fixation, injury to the vertebral artery in its groove occurred in five, all on the left side. Oblique bottom view of the C2 vertebra with an abnormally large groove for the vertebral artery (white arrowhead) on the left side. There is thinning of the left pedicle in comparison with the normal right side (black double arrows).
